PHYSICAL CONDITIONS FOR. IMAGE FORMATION   51 it follows that
d<t> = da + du =
^'=^-^'=^(1--^).   .    .    .    (32)
V                            •> ^       *
But a differentiation of the equation of refraction sin 0 = n sin 0' gives
cos 0 . d<p == 72 cos 0' . </0'.
Substituting in this the values of d<f> and d<pf taken from (32), there results
COS2 0         72 COS2  0'         72 COS  0' — COS 0
__.+ ___= - _ -- .   .    .     (33)
From (33) and (30) different values sl and s2 corresponding to the same s are obtained, i.e. P is imaged astigmatically. The astigmatic difference is greater the greater the obliquity of the incident beam, i.e. the greater the value of 0. It appears from (30) and (33) that this astigmatic difference vanishes, i.e. s^ = s2 = s', only when s = — ns'. This condition determines the two aplanatic points of the sphere mentioned on page 33.
The equations for a reflecting spherical surface may be deduced from equations (30) and (33) by substituting in them n z= — i, i.e. 0' = — 0 (cf. page 37). Thus for this case*
II            COS 0        I      I              2
__ _ -_   _ 2  _ —         __ _ — •  _ . _
s      s2                r   '    s      ^         r cos 0"
Or by subtraction,
I       I       2/    I                \
--- = —I - - — COS 0), S         S         ^XCOS  0                    /
or
-1 = - sin 0 tan 0,  .....    (35)rder to enter more fully into the consideration of this ise, let the point object P, the centre C of the sphere, and ie point A in which the principal ray of the elementary beam nitted by P strikes the spherical surface, lie in the plane of te figure (Fig. 24). Let the line PA be represented by s, ie line AP2 by s2. Now since
